Gait initiation can vary as a function of the available and engaged attentional resources. Conflict resolution can disrupt movement preparation and lead to ''errors" in motor programming. These ''errors" are physiologically useful by enabling us to adapt our motor behavior to situations with conflicting information. The objective of the present study was to analyze the patterns of cortical activation associated with motor programming errors and the corresponding error corrections. Incongruent flankers around a target arrow were used to trigger errors in anticipatory postural adjustments (APAs) prior to gait initiation; i.e. perturbed motor programming but normal execution. Thirty healthy adults performed a gait initiation task. The event-related potentials (ERPs) and event-related desynchronization (ERD) after target presentation were analyzed according to the presence or absence of an APA error. The ERP was similar in both conditions, except that the Ne and P300 peak latencies were longer for APA errors. Motor programming errors during gait initiation were characterized by longer, less intense low-beta-band ERD over the sensorimotor cortex and alpha ERS followed by stronger alpha ERD during errors. APA errors were associated with a specific alpha/beta oscillation profile over the sensorimotor cortex; these beta oscillations might be sensitive markers of non-conscious motor error and correction monitoring.
INTRODUCTION
Gait initiation is a motor program characterized by the 12 transition from a static stable stance to a continuously 13 unstable posture during locomotion. The characteristics 14 of gait initiation can vary as a function of the available 15 attentional resources. Indeed, gait initiation can be 16 modulated when the subject is obliged to deal with 17 conflicting information (Uemura et al., 2012) . Gait is initi-18 ated in two phases: a motor preparation phase (corre-19 sponding to anticipatory postural adjustments, APAs) 20 and then an execution phase (corresponding to the time 21 interval between ''toe-off" and ''heel strike" for the swing 22 leg). During standard gait initiation (i.e. in the absence 23 of external or internal stimuli requiring modulation of the 24 motor program), healthy subjects display a stereotypical 25 APA pattern. Foot-off of the swing leg is preceded by a 26 shift in body weight that displaces the center of pressure 27 (CoP) backward and toward the swing leg. Next, the CoP 28 is displaced forward and toward the stance leg. Hence, 29 APAs create the conditions required for progression 30 (Brenie`re and Do, 1991) . Furthermore, APAs along the 31 mediolateral axis are predictive of postural stability 32 (McIlroy and Maki, 1999) . However, it is known that self-33 triggered gait initiation is not always preceded by an 34 APA (Delval et al., 2014; Lu et al., 2017) . The lack of a lat-35 eral or posterior APA was nevertheless infrequent (in 2% 36 of the trials) in healthy elderly controls during externally 37 triggered rapid stepping (Delval et al., 2014) . Conversely, 38 the absence of APAs can be frequently observed in 39 patients with freezing of gait and an increased risk of falls 40 (Delval et al., 2014) . The occurrence of APA errors can 41 also perturb the gait initiation program by delaying the 42 onset of movement execution (Cohen et al., 2011) . This 43 corresponds to the correction of an APA when the initial 44 direction of postural adjustment is not appropriate (for toward the swing leg and only then toward the stance 48 leg). This APA error corresponds to a motor program 49 error, which is efficiently corrected and prevents incorrect 50 step initiation from taking place. It is known that APA 51 errors are more frequent in conditions modulated by 52 attention (especially in the presence of incongruent stimuli https://doi.org/10.1016/j.neuroscience.2018.09.046 0306-4522/Ó 2018 IBRO. Published by Elsevier Ltd. All rights reserved. patients with focal lesions of the supplementary motor 66 area and studies in patients with Parkinson's disease 67 (Viallet et al., 1992; Gantchev et al., 1996) have shown 68 that APAs can be modulated at the supraspinal level, 69 since the supplementary motor area, the basal ganglia 70 and the pontomedullary reticular formation are linked by 71 neural networks. Moreover, inhibitory repetitive transcra-72 nial magnetic stimulation over the supplementary motor 73 area shortens the APA duration for a brief period, i.e. 74 for the first stepping trial after stimulation (Jacobs et al., 75 2009). The output of this pathway is located in the mid-76 brain locomotor region (which may correspond in part to 77 the cuneiform nucleus and the dorsal part of the peduncu-78 lopontine nucleus), which is connected to limbic struc- 79 tures and the basal ganglia (Pahapill and Lozano, 2000) . 80 Attentional control can modulate gait initiation -either 81 directly by involving brainstem structures (for example, 82 the alert process induced by a loud stimulus can 83 product a start-react effect) or indirectly via a cortical 84 loop that includes more complex attentional networks 85 (Delval et al., 2012; Tard et al., 2013) . Cortical movement 86 preparation can be measured through electroencephalo-87 gram (EEG) features like event-related potentials (ERPs) 88 and event-related (de)synchronization (ERD/S). In the 89 frequency domain, ERD (mainly in the alpha-and beta-90 bands) is the cortical marker of movement intention. It 91 has been demonstrated that gait initiation is associated 92 with desynchronization of sensorimotor rhythms related 93 to sensorimotor cortex activation (Pfurtscheller and 94 Andrew, 1999) . If the EEG is response-locked (i.e. locked 95 to the motor response), a movement-related cortical 96 potential (MRCP) is present before gait initiation or when 97 imagining gait initiation (Vidailhet et al., 1993 (Vidailhet et al., , 1995 . For 98 the gait initiation task, if the EEG is target-locked, the 99 early ERP components are probably influenced by the dif-100 ferent physical characteristics of the stimuli (Rektor et al., 101 2006) and a posterior P300 can be found, higher in case 102 of stimulus driven attention for example (Tard et al., 103 2013), whereas late components reflect motor prepara-104 tion (Hamano et al., 1997) . More recently, combined 105 ERP and ERD/S recordings via an EEG brain-computer 106 interface were used to detect gait initiation (Jiang et al., 107 2015; Sburlea et al., 2015) . 108 ERPs are also used to monitor cognitive control of 109 action. During error recognition, a negativity (named the 110 ''Error-Related Negativity" (ERN or Ne)) and then a 111 ''Positive error-related wave" (Pe) can be observed (for 112 a review, see Wessel and Aron (2017) ). The functional 113 significance of ERN was associated with error detection 114 (Falkenstein et al., 1991) . Alternatively, the ERN was pro-115 posed to reflect conflict resolution due to a finding of the 116 ''Correct-Related-Negativity" (CRN) (Vidal et al., 2000; 117 Meckler et al., 2011) Attentional Network test. A schematic diagram of the attentional task. S1: cue; S2: target. The target appeared for 1500 ms and was surrounded by flankers (four arrows: two on each side) that were either congruent or incongruent. The targets could be preceded by valid or invalid spatial cues, i.e. asterisks indicating (or not) the direction of the arrow. Four blocks of 75 trials were administered. The blocks were separated by short breaks of variable duration. The cue and target conditions were presented in a pseudorandom order: 156 congruent trials, 144 incongruent trials, 49 trials with no cue, 61 trials with a central cue, and 190 trials with a spatial cue (142 valid and 48 invalid cues). Only incongruent trials were analyzed in the present study. The proportion of no cue trials was 16.3%, the proportion of neutral cue trials was 20.3%, the proportion of valid cue trials was 47.3%, and the proportion of invalid cue trials was 16%. The false start rate. The false start rate (i.e. 335 RTs < 100 ms) was 11.9%. These trials were excluded from further analysis, since they did not correspond to 337 APA errors. 338 The error step rate. A start with the wrong foot was 339 rare, since it occurred in only 0.56% of the trials. These 340 trials were excluded from the analysis because they did 341 not correspond to correct error monitoring. The low 342 number of these events prevented us from analyzing 343 them separately. 344 The mean ± SD RT was 0.27 ± 0.08 s for normal 345 APAs and 0.23 ± 0.06 s for APA errors (p < 0.001). 346 The mean ± SD APA duration was longer for APA response. This process is much the same in APA errors 515 and normal APAs. 516 We did not observe any differences in the ERN/CRN 517 amplitudes. The amplitudes of CRN and ERN were also 518 similar for the stepping task in (Watanabe et al., 2016b) 519 that used a Simon task to elicit APA errors. They pro- ). We also observed less intense low-beta ERD dur-691 ing APA errors. In a study evaluating a shifting cognitive 692 task during gait (Wagner et al., 2016) , two different beta 693 oscillations were noted: beta ERD (expressing motor exe-694 cution and motor readiness related to gait movements) 695 and a frontal beta ERS (related to cognitive top-down con-696 trol on gait). The less intense ERD in the APA error con-697 dition might be due to the summation of concomitant ERD ject has a very low number of trials taken into account 783 but the ERP was clearly identifiable in this particular case. 784 The subject was thus not excluded. 
